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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma reactor which reduces 
abnormalities in the change up shape at the time of dry etching and can extend 
etching parameters for improving etching performance such as uniformity and 
workability. 

SOLUTION: An RF power periodically alters. One cycle is composed of a first and a 
second sub-cycles 25 and 26 of different frequency. The frequency of the RF power 
in the first sub-cycle 25 is higher than that of the second sub-cycle. Accumulation of 
change caused in the first sub-cycle 25 in which a high-frequency RF power is 
applied can be reduced in the second sub-cycle to which a low-frequency RF power is 
applied. Reduction in etching rate which is a problem in the case of application of 
only a low-frequency RF power can be also compensated by application of the 
high-frequency RF power in the first sub-cycle 25. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the efficient consumer response etching system concerning the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is the graph which shows the wave of RF power about the gestalt 1 of implementation of this invention. 
[Drawing 31 It is the graph which shows the wave of RF power about the gestalt 2 of implementation of this invention. 
[Drawing 4] It is the timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of 
pulse-ized RF power. 

[Drawing 51 It is the timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of 
pulse-ized RF power. 

[Drawing 61 It is the timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of 
pulse-ized RF power. 

[Drawing 71 It is the timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of RF 
power about the gestalt 3 of implementation of this invention. 

[Drawing 81 It is the timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of RF 
power about the gestalt 4 of implementation of this invention. 

[Drawing 9] It is the graph which shows the wave of the voltage V about the gestalt 5 of implementation of this invention. 
[Drawing 101 It is the graph which shows the initial-phase dependency of the amount of notches. 
[Drawing 111 It is the graph which shows the initial-phase dependency of a selection ratio. 
[Drawing 121 It is the graph which shows the initial-phase dependency of CD gain. 
[Drawing 131 It is a cross section explaining CD gain. 

[Drawing 141 It is the graph which shows the initial-phase dependency of an etching rate. 

[Drawing 151 It is the cross section showing the efficient consumer response etching system concerning the gestalt 6 of 
operation. 

[Drawing 161 It is the graph which shows potential change of a stage 6 to an initial phase. 

[Drawing 171 It is the graph which shows the potential of the stage 6 at the time of impressing RF power continuously. 
[Drawing 1 81 It is the graph which shows the wave of RF power about the gestalt 7 of implementation of this invention. 
[Drawing 191 It is the graph which shows the relation between a time delay tO and the amount of notches. 
[Drawing 201 It is the cross section showing the conventional efficient consumer response etching system. 
[Drawing 211 It is a cross section explaining the abnormalities in a charge-up configuration. 
[Drawing 221 It is a cross section explaining the abnormalities in a charge-up configuration. 
[Description of Notations] 

2 A reaction chamber 6 A stage, 7 A wafer, 19 mu wave, 284a, 284b, 275a, 275b The sub period of the 1st sort, 274a, 274b, 
285a, 285b The sub period of the 2nd sort, alpha Initial phase. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a plasma reactor, especially a dry etching system. 
[0002] 

[Description of the Prior Art] Drawing 20 is the cross section showing notionally the efficient consumer response (Electron 
CycrotronResonance) etching system which is a kind of conventional plasma treatment equipment. RF power which plasma is 
generated by the mu wave 19 from process gas, and plasma is sent to a reaction chamber 2, and is obtained from RF electric 
power supply means 8 at the plasma production room 1 ~ with, the wafer 7 by which bias was carried out is exposed to this 
plasma 

[0003] When controlling the etching process of an efficient consumer response etching system, various parameters exist, for 
example, the method of the configuration and position of the efficient consumer response side 5 (these are dependent also on 
the magnetic field given with a coil 4), RF power, the mu wave 19, and the electrostatic chuck of a wafer 7, the pressure of 
process gas, etc. are mentioned. 
[0004] 

[Problem(s) to be Solved by the Invention] With high integration of a device, and detailed-izing, realization of a high 
anisotropy, high selectivity, and high homogeneity of etching is becoming still more difficult, and only with the etching 
parameter which exists now, when insufficient, there is often. As a trouble which is becoming remarkable and which checks 
detailed-ization, the abnormalities ("the abnormalities in a charge-up configuration" is called below) of the etching 
configuration which considers a charge up as a cause are mentioned in recent years. 

[0005] Drawing 2 1 and drawing 22 are the expanded sectional views explaining the abnormalities in a charge-up 
configuration near the front face of the semiconductor wafer 101. The ion at the time of both drawings performing detailed 
pattern etching of the semiconductor wafer 101 using plasma etching (shown by + surrounded by O in drawing) and electronic 
(shown by - surrounded by O in drawing) behavior are shown. 

[0006] It sets to drawing 2 1 and is Si02 in the front face of the semiconductor wafer 101. The film 13, the Si film 14, and the 
resist pattern 15 are formed one by one, and etching is performed by using the resist pattern 15 as a mask. Electrical neutrality 
is maintained in order to carry out incidence of both ion and the electron to the front face of the resist pattern 15 with advance 
of etching. 

[0007] In the detailed pattern 16, in order to carry out incidence of the ion perpendicularly to the front face of the 
semiconductor wafer 101, it does not collide with the side attachment wall 17 of the detailed pattern 16, but reaches even on 
the base 18 of the detailed pattern 16. On the other hand, since an electron does not have directivity and carries out incidence 
also to a side attachment wall 17, it stops being able to arrive at a base 18 easily. 

[0008] Electrical neutrality is maintained, in order for the electron which carried out incidence to recombine and to neutralize 
it in the Si film 14 on the ion which carried out incidence to the base 18, and a side attachment wall 17, when ********** m g 
a conductive film like the Si film 14, as shown in drawing 21 . However, as shown in drawing 22 , etching advances and a 
base 18 moves caudad, and it is Si02. If an insulating film like a film 13 is exposed, the ion which carried out incidence to the 
base 18 will not be neutralized with the electron which carried out incidence to the side attachment wall 17, but the charge up 
of the base 18 will just be carried out. On the other hand, the charge up of the side attachment wall 17 is carried out to 
negative by the electron which carried out incidence. 

[0009] Therefore, since an orbit is bent with rebounding of the positive charge in the base 18 which just carried out the charge 
up, and the attraction in the side attachment wall 17 which carried out the charge up to negative, the ion which carries out 
incidence to a base 1 8 will carry out incidence of the ion to the interface of the Si film 14 and Si02 film 1 3 locally, and will 
produce the so-called notch (the amount (the amount of notches) is shown all over [ A ] drawing) of a notching configuration. 
[0010] As a method of reducing such abnormalities in a charge-up configuration, the method of making the mu wave 19 and 
RF power pulse-ize (repeating ON/OFF) is advocated, for example, these any -- although - the period of ON may think that 
the usual electric discharge has taken place, and the charge up of a detailed pattern advances However, the difference of the 
directivity of ion and an electron is lost in the period of either OFF, incidence also of the electron can be carried out now to a 
base 18, and a charge up is canceled. That is, the charge up which advanced during the ON is canceled during the OFF. 
[001 1] Such control of the movement of a charged particle is important also for not only the dissolution of the abnormalities 
in a configuration but a selection ratio, or homogeneous control. However, the method is restricted, and the conventional mu 
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wave 19 and pulse-ization of RF power need to extend the method of pulse-izing more than now, in order to be control of a 
more extensive etching parameter. 

[0012] It aims at offering the plasma reactor which can extend the etching parameter for being made in order that this 
invention may solve the above troubles, reducing the abnormalities in a charge-up configuration in dry etching, and raising 
etching performances, such as selectivity, homogeneity, and processability. 
[0013] 

[Means for Solving the Problem] It is the plasma reactor equipped with the stage where RF power by which FM modulation 
was carried out is impressed, and the reaction chamber where the plasma exposed to the sample laid on the aforementioned 
stage exists which starts a claim 1 among this invention. 

[0014] The stage where, as for what starts a claim 2 among this invention, RF power is impressed, It is a plasma reactor 
equipped with the reaction chamber where the plasma exposed to the sample laid on the aforementioned stage exists. The 
aforementioned RF power is changed periodically, the amplitude of the aforementioned RF power differs mutually the round 
term, it is constituted by the sub period of the 1st sort and the 2nd sort of plurality [ all ], and, as for each of the sub period of 
the 1st sort of the aforementioned plurality, the periods differ mutually. 

[0015] It is the plasma reactor equipped with the stage where RF power is impressed, and the reaction chamber where the 
plasma exposed to the sample laid on the aforementioned stage exists which starts a claim 3 among this invention, and the 
aforementioned RF power presents the wave intermittently superimposed on the alternating current wave which had a 
predetermined initial phase to the direct-current value. 

[0016] It is the plasma reactor according to claim 3 which starts a claim 4 among this invention, and the aforementioned 

plasma is generated by mu wave supplied intermittently. 

[0017] 

[Embodiments of the Invention] 

Gestalt 1 . drawing 1 of operation is a cross section which is a plasma reactor concerning the gestalt 1 of implementation of 
this invention and in which showing an efficient consumer response etching system notionally. The chamber of an efficient 
consumer response etching system has the composition divided roughly into the plasma production room 1 and a reaction 
chamber 2. In a chamber, reactant process gas is introduced from an inlet 81, and it is exhausted from an exhaust port 82, and 
a predetermined pressure is maintained. In a chamber, it passes along a waveguide from mu wave power supply 80, and the 
2.45GHz microwave 19 is introduced through the introductory aperture 3. 

[0018] Since a magnetic field is impressed in a chamber with a coil 4, the efficient consumer response resonance region 
(efficient consumer response side) 5 exists in the plasma production room 1, and efficient consumer response plasma occurs. 
Since the magnetic field formed with a coil 4 is emitted from the plasma production room 1 to a reaction chamber 2, efficient 
consumer response plasma is conveyed to the wafer 7 installed on the stage 6. Etching to a wafer 7 is performed by this 
efficient consumer response plasma. 

[0019] In addition, the RF power supply 30 is connected to the stage 6 in which a wafer 7 is laid, RF power is supplied to it in 
a mode which is mentioned later, and etching is performed. Moreover, a wafer 7 contacts a stage 6 by the electrostatic chuck 
which has a power supply 9, and is cooled. 

[0020] Drawing 2 is a graph which shows the wave of RF power which the RF power supply 30 generates. As for RF power 
used in the gestalt 1 of operation, pulse modulation of the frequency of RF power is carried out. RF power changes 
periodically and the round term is constituted by the 1st and 2nd sub periods 25 and 26 from which frequency differs 
mutually. The frequency of RF power [ in / the 1st sub period 25 / at the example shown in drawing 2 ] is higher than it in the 
2nd sub period. 

[0021] Generally, when the frequency of RF power is high, auto-bias voltage becomes large. For this reason, an ion energy 
becomes large and can earn an etching rate greatly. Since the directivity to which ion progresses is large on the other hand, the 
grade of a charge up increases. 

[0022] On the contrary, while auto-bias voltage becomes small and a charge up is suppressed at the time of a low, the 
frequency of an etching rate of RF power is low, and cannot take an anisotropy greatly. Therefore, generally impressing only 
RF power of low frequency continuously is not put in practical use. 

[0023] With the gestalt of this operation, high RF power of frequency and RF power of low frequency are impressed to a 
shift. Therefore, accumulation of the charge produced in the 1st sub period 25 which impresses RF power of high frequency 
can be eased the 2nd sub period 26 which impresses RF power of low frequency. It is effective in the ability to ease because 
the fall of the etching rate which poses a problem when impressing only RF power of low frequency also impresses RF power 
of high frequency in the 1st sub period 25 with this. 

[0024] gestalt 2. of operation ~ even if signs that RF power of high frequency and RF power of low frequency are impressed 
to a shift are not a pulse-like, the same effect as the gestalt 1 of operation can be acquired If frequency carries out even 
change, it will be because the change does not necessarily need to be steep. 

[0025] Drawing 3 is a graph which shows the wave of RF power about the gestalt 2 of implementation of this invention. The 
efficient consumer response etching system shown in drawing 1 also in the gestalt 2 of operation is used. RF power is 
presenting the wave by which it changed periodically, and the frequency of RF power was changed in the state where an 
amplitude is fixed at the round term, namely, FM modulation was carried out. Also in this case, it is clear that the 
above-mentioned effect can be acquired. 

[0026] The technology of impressing RF power to a wafer 7 in the shape of a pulse from the gestalt 3. former of operation 
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was known. This is the technology of earning the etching rate in the period which RF power turns on, and canceling in the 
period when RF power turns off the charge accumulated in this period. 

[0027] Drawing 4 is a timing chart which indicates a relation with the amount of charge ups (intensity of the partial electric 
field produced by the charge up) to be the ON/OFF period of the pulse-ized conventional RF power. The period Tl of RF 
power which changes periodically is mutually constituted by the equal ON period 271 and the OFF period 281 of a period. 
[0028] Although accumulation of a charge will be canceled if the OFF period 281 is long, since plasma disappears and 
etching does not progress in the meantime, the etching rate as the whole etching period becomes low. And a charge is 
accumulated, and since the period which is carrying out the charge up is long, it is easy to produce the abnormalities in a 
configuration, until it reaches a saturation value in that case, since the ON period 271 is also long. 

[0029] Drawing 5 is a timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of RF 
power which has the period T2 which made the ON period 272 and the OFF period 282 snorter than the ON period 271 and 
the OFF period 281, in order to avoid the problem at the time of being shown in drawing 4 . In this case, the accumulated 
dose of the charge in the ON period 272 is suppressed, and it is hard to cause the abnormalities in a configuration. However, 
since the ON period 272 expires before auto-bias potential becomes sufficiently large, an etching rate compares with the case 
where it is shown in drawing 4 , and it is a low. 

[0030] Drawing 6 is a timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of RF 
power which has the period T3 which made the period of the ON period 273 longer than the OFF period 283, in order to 
avoid the problem at the time of being shown in drawing 5 . If it does in this way, elevation of auto-bias potential cannot be 
spoiled, but an etching rate can be earned in the ON period 273. However, in the OFF period 283, accumulation of a charge 
cannot fully be canceled, but a charge will be accumulated to a saturation content in several round term. 
[003 1] Drawing 7 is a timing chart which indicates a relation with the amount of charge ups to be the ON/OFF period of RF 
power about the gestalt 3 of implementation of this invention. The efficient consumer response etching system shown in 
drawing 1 also in the gestalt 3 of operation is used. 

[0032] RF power used in the gestalt 3 of operation is changed periodically, and the period T4 is constituted by the sub 
periodic group 284 of the 1st sort and the 2nd sort sub periodic group 274 from which an amplitude differs mutually. An 
amplitude is zero, the sub periodic group 284 of the 1st sort consists of sub periods 284a and 284b (all are OFF periods) of 
the 1st sort from which a period differs mutually, and the sub periodic group 274 of the 2nd sort consists of an amplitude and 
sub periods 274a and 274b (all are ON periods) of the 2nd equal sort of a period for it. These sub periods 274a, 284a, 274b, 
and 284b appear in a shift at this order. 

[0033] As mentioned above, if the PCM (Pulse Code Modulation) modulation is carried out and the ON/OFF puts in another 
way, RF power has the fixed period of ON, and the period of OFF will become long periodically or it will be short. 
[0034] Thus, since two OFF periods 284a and 284b of different length in the period T4 to which RF power is changed were 
formed, while easing a charge up in the period of the longer one of it, the fall of an etching rate can be suppressed by 
shortening the period of another side. If it puts in another way, the effect that a charge up is small as compared with the case 
where it is shown in drawing 4 , and an etching rate is high as compared with the case where it is shown in drawing 5 will be 
acquired. 

[0035] Not an OFF period but ON period may have a period which is different when changing the gestalt 4.RF power of 
operation periodically. Drawing 8 is a timing chart which indicates a relation with the amount of charge ups to be the ON/OFF 
period of RF power about the gestalt 4 of implementation of this invention. The efficient consumer response etching system 
shown in drawing 1 also in the gestalt 4 of operation is used. 

[0036] The period T5 of RF power is constituted by the 1st sort sub periodic group 275 and the sub periodic group 285 of the 
2nd sort from which an amplitude differs mutually. Consisting of sub periods 275a and 275b (all are ON periods) of the 1st 
sort from which as for the sub periodic group 275 of the 1st sort an amplitude is equal and a period differs, an amplitude is 
zero and the sub periodic group 285 of the 2nd sort consists of equal sub periods 285a and 285b (all are OFF periods) of the 
2nd sort of a period mutually. These sub periods 275a, 285a, 275b, and 285b appear in a shift at this order. 
[0037] As mentioned above, if the PWM (Pulse Width Modulation) modulation is carried out and the ON/OFF puts in 
another way, RF power has the fixed period of OFF, and the period of ON will become long periodically or it will be short. 
[0038] Thus, since two ON periods 275a and 275b of different length in the period T5 to which RF power is changed were 
formed, while easing a charge up in the period of the shorter one of it, the fall of an etching rate can be suppressed by 
lengthening the period of another side. If it puts in another way, the effect that a charge up is small as compared with the case 
where it is shown in drawing 4 , and an etching rate is high as compared with the case where it is shown in drawing 5 will be 
acquired. 

[0039] Gestalt 5. drawing 9 of operation is a graph which shows the wave of RF power about the gestalt 5 of implementation 
of this invention. The efficient consumer response etching system shown in drawing 1 also in the gestalt 5 of operation is 
used. However, it the RF power supply 30 not only performs modulation of RF frequency, and pulse-ON/OFF, but has the 
composition which can also perform superposition of a dc component. This composition is realizable using an arbitrary 
waveform generator and high-speed wide band power amplifier. 

[0040] If the time of the start of ON period of the pulse of RF component is set to t= 0, the voltage impressed to the output 
side of the RF power supply 30 can be expressed with V=Asin(omega t+alpha)+V0. Here, for A, the amplitude of RF power 
and omega of the angular frequency of RF power and alpha are [ an initial phase and V0 ] the central value (dc component) of 
voltage. For example, if V0=-Asin (alpha), the voltage V at the time of a start will serve as zero. 
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[00411 Drawing 9 (a) - (d) shows the voltage V of RF power in alpha= 0 degree, 90 degrees, 180 degrees, and 270 degrees, 
respectively. However, as for RF component, only the round term exists in ON period of a pulse. When RF component is 
overlapped in the shape of a pulse to a dc component, changing the initial phase alpha of the RF component has RF power 
effective for reduction of a charge up, or control of a selection ratio. 

[0042] Drawing 10 is a graph which shows the initial-phase dependency of the amount of notches. Although the amount of 
notches is reduced by impression of pulse-RF as compared with the case (it expresses as a drawing destructive line) where RF 
power is not impressed, the amount of reduction changes with values of an initial phase alpha. For example, although ion is 
accelerated by impression of RF power in the direction of a substrate when an initial phase alpha is 90 degrees, an electron is 
slowed down and the electron current decreases. For this reason, although char JINGU of the side attachment wall of a pattern 
is reduced, the positive charge in a pars basilaris ossis occipitalis is not canceled, but the improvement effect of a notch is a 
low. On the other hand, since electronic slowdown electric field become weaker when an initial phase alpha is 270 degrees, 
charge of a pattern pars basilaris ossis occipitalis is reduced, and a notch is improved sharply. 

[0043] Drawing 1 1 is a graph which shows the initial-phase dependency of a selection ratio, if it compares with the case (it 
expresses as a drawing destructive line) where RF power is not impressed — impression of pulse-RF — a selection ratio ~ 
decreasing (it getting worse) ~ the amount of reduction changes with values of an initial phase alpha For example, when an 
initial phase is 90 degrees, there are most amounts of reduction, and when an initial phase alpha is 270 degrees, the amount of 
reduction is suppressed. 

[0044] That is, in the voltage V of the range which RF component superimposes, an initial phase alpha is especially set as 180 
degrees - 360 degrees desirably at 270 degrees to make the amount of notches, and a selection ratio good so that the direction 
of the field which serves as positive from a dc component may become larger than the field which serves as negative from a 
dc component. 

[0045] Drawing 12 is a graph which shows the initial-phase dependency of CD gain (Critical Dimension Gain). Drawing 13 is 
a cross section explaining CD gain. The etched film 102 prepared on the substrate 101 ********** s considering a resist 103 
as a mask. If width of face of a resist 103 and width of face of the pars basilaris ossis occipitalis of the etched film 102 are set 
to tl and t2 here, respectively, CD gain will be searched for by t2-tl. Although CD gain is improved by impression of 
pulse-RF as compared with the case (it expresses as a drawing destructive line) where RF power is not impressed, the 
improvement factor changes with values of an initial phase alpha. For example, when an initial phase alpha is 90 degrees, it is 
improved most, and the improvement factor at the time of 270 degrees is a low. 

[0046] Drawing 14 is a graph which shows the initial-phase dependency of an etching rate. Although an etching rate increases 
by impression of pulse-RF as compared with the case (it expresses as a drawing destructive line) where RF power is not 
impressed, the amount of increases changes with values of an initial phase alpha. For example, when an initial phase is 90 
degrees, there are most amounts of increases, and when an initial phase alpha is 270 degrees, there are few amounts of 
increases. 

[0047] That is, in the voltage V of the range which RF component superimposes, an initial phase alpha is especially set as 0 
degree - 180 degrees desirably at 90 degrees to make CD gain and an etching rate good so that the direction of the field which 
serves as positive from a dc component may become smaller than the field which serves as negative from a dc component. 
[0048] A desired etching property can be acquired by controlling an initial phase alpha so that the above explanation may 
show. Moreover, it is effective for control of a charge up, a selection ratio, CD gain, an etching rate, etc. similarly to change 
initial voltage V0. 

[0049] The gestalt 6.RF power of operation may contain the period of plurality [ component / RF ], when RF component is 
overlapped in the shape of a pulse to a dc component. 

[0050] Drawing 1 5 is the cross section showing the efficient consumer response etching system used in the gestalt 6 of 
operation. As compared with the composition shown in drawing 1 , it differs in that the RF power supply 30 is connected to 
the stage 6 through the blocking capacitor 29, 

[005 1] Drawing 16 (a) and (b) are graphs which show potential change of a stage 6, respectively about the time of initial 
phases alpha being 0 degree and 90 degrees, when several k of a period is 2. 

[0052] Since the stage 6 is connected to the RF power supply 30 through the blocking capacitor 29, in the period which does 
not impress RF power, the potential of a stage 6 takes the floating potential Vf. Drawing 17 is a graph which shows the 
potential of the stage 6 at the time of impressing RF power continuously. The amount in which the maximum of the potential 
of a stage 6 exceeds the floating potential Vf has less minimum value than the amount which is less than the floating potential 
Vf. The dependency over an initial phase alpha becomes low, and potential change of a stage 6 approaches the graph of 
drawing 17 as several k of a period increases. That is, the number of times which draws ion in a stage 6 increases. Therefore, 
according to several k of a period increasing [ an initial phase alpha ], in being the same, an ion energy increases, the amount 
of notches decreases, and a selection ratio also falls. 

[0053] Thus, by setting up several k and the initial phase alpha of a period in the period which RF power turns on in the shape 
of a pulse, it becomes possible to control the amount of notches, and a selection ratio. Of course, although it is also possible to 
control an ion energy only by setting up the voltage or power even if it is the case where RF power is impressed continuously, 
it becomes possible by adjusting several k and the initial phase alpha of a period to perform still finer control. 
[0054] Gestalt 7. drawing 1 8 of operation is a graph which shows the wave of RF power about the gestalt 7 of implementation 
of this invention. The efficient consumer response etching system shown in drawing 15 also in the gestalt 7 of operation is 
used. However, mu wave power supply 80 generates the mu (intermittently) wave 19 in the shape of a pulse. 
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[0055] the amount of notches can be reduced by introducing the mu wave 19 into a plasma reactor in the shape of a pulse -- 
Jpn.J.Appl.Phys.35(1996) p2450 etc. -- it is shown With the gestalt of this operation, RF power of the shape of a pulse it not 
only generates plasma, but shown with the gestalt 5 of operation and the gestalt 6 of operation using mu wave of the shape of 
such a pulse is given to a stage 6. With the combination of such two technology, the effect of an improvement (for example, 
reduction of the amount of notches) of an etching property increases remarkably. 

[0056] Drawing 18 is a timing chart which shows the relation between the mu wave 19 and RF power. By controlling the time 
tO being delayed from the time of the mu wave 19 beginning to turn on intermittently, the time of RF component beginning to 
be overlapped on a direct-current value (here floating potential Vf) becomes possible [ controlling a very small ion energy ] at 
the same time the amount of notches is controllable. Drawing 19 is a graph which shows the relation between a time delay tO 
and the amount of notches. The period when T (duty 50%) and RF component superimpose mu wave period on a 
direct-current value here is set to tau (alpha= 0 degree of initial phases). If it sets up near [ in the end of the period when mu 
wave turns off the timing which superimposes RF component on a direct-current value ] so that a graph may show, the effect 
of reducing the amount of notches is remarkable. 

[0057] When plasma density becomes thin in this timing and plasma density is thin, there are also few electronic amounts. 
Therefore, if there is no difference in the power of RF component, the power given to one electron will become the largest. 
For this reason, the effect which enters into the pars basilaris ossis occipitalis of a pattern, and offsets a charge will be 
acquired most notably. 

[0058] Although explanation was given about the efficient consumer response etching system in the gestalt of the above 
operation, RF power of application of this invention which is not limited to this and impressed to a sample is effective in all 
the etching systems (for example, etching system which adopted ICP:Induced Coupled Plasma) by which plasma is generated 
separately. Of course, control of the frequency of RF power or voltage cannot be overemphasized by that it is effective in the 
amount of notches, and control of an ion energy. 
[0059] 

[Effect of the Invention] According to the plasma reactor applied to a claim 1 among this invention, RF power can ease 
accumulation of the charge which RF power produced in the period which has high frequency in the period which has low 
frequency. With this, when impressing only RF power of low frequency, RF power can ease the fall of the etching rate which 
poses a problem in the period which has high frequency. 

[0060] According to the plasma reactor applied to a claim 2 among this invention, the sub period of the 1st sort can suppress 
the fall of an etching rate in the period of another side at a round term to which RF power is changed, easing a charge up in 
the period of one of these, since length differs mutually. 

[0061] By setting an initial phase as 180 degrees - 360 degrees, in the range which RF component superimposes, the direction 
of the field which serves as positive from a dc component becomes larger than the field which serves as negative from a dc 
component, and, according to the plasma reactor applied to a claim 3 among this invention, can make the amount of notches, 
and a selection ratio good. Moreover, by setting an initial phase as 0 degree - 180 degrees, in the range which RF component 
superimposes, the direction of the field which serves as positive from a dc component becomes smaller than the field which 
serves as negative from a dc component, and can make CD gain and an etching rate good. 

[0062] When the amount of notches can be reduced by introducing mu wave into a plasma reactor intermittently according to 
the plasma reactor applied to a claim 4 among this invention, since RF power is also intermittently given to a stage, the effect 
of an improvement of an etching property increases remarkably. 



[Translation done.] 
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[ftffff^fgffl] 
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a. 

[0001] 

[5fcBjj<o»r&t8fi#ff] dOfKHJi. T?X-?%mk 
S. mzV?4xv1-y7mmzmtZ>i><r>X'$>&. 
[0002] 

[«!*«osffi] H2 0(±. m!&yT ; yx-?wmm.<r>-- 

8T*?>&ECR (Electron CycrotronResonance ) Xy 
^-y^B^m^W^-tfrtiqa-CfcS. 75X7« 30 

X7i!i>«?n, r5X-7liaE^2tCi*^>it. RFt 
*«&#g8*>£>*#*>*l£ R FmjjZMXm TX Zti 
tz^^Hfi^ayy^X^zm^tih^ 
[0003] ECRx-y^-yTUffioxyf-y^ra-fe 
xzmm-hix^&^x-tifift&L. muzF 

W&ftS. 40 
[0004] 

7Wk<r>W% (1ST r f-r-^*r-jr7»«»»j fc* 

[0005] m2 imm2 2^ti-^-=jT-/ym^m 50 
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srsrUfH-s. ¥3Stt?xni 0 io£BB&ffiaK*K 
rarfes. hebbc. r^x^y^-y^m^x^ 

mi. A*y (H4o?h£*i£+?s*3*l&) rv 

m*ox'W£titz-X'*ztih) crmm^tx 

[0006] 02 lfcfcwc, fSMxyM0 1«0S 
ffifcte, Si0 2 H13, Si»141t^^W 
-y l 5 A*H&}gj£$;ft.Ti> 0 . v*9—> l 5 
? t ltx y ^- y ywft*>Kh . x y ^y^^a 
frfctf-^T. l^'xh^-yi 5^ltlJ^*yt 

[0007] mmstf-yiefiuz&^x. 4*y\±¥ 
mmxjw o iffmm^nLxmmz^Mthtd^. 
mw->i b<rmmi 7iz\m%$rmM>w-y 
i b<nim\8tz±x'3mtz>. ztiizMLxmr-teu 
i6ji±* { ^< . ffliai 7izi>*Mt&tz#>. mmi st« 

[0008] 02 1(e*-f«fc3fc. SiK14?)J:?3r 
«Stt<^K^x.yf->^LT^SIgfc«. JEffil8tA 
Wbfc-fsJ-yfcHKl 7tcAltL/cm^i:«Si|gl4 

#x'?m&LX'mt&t:#>. m^W4M*aw:it&. 

iB18*TO^»L. SiOj Hl3coJ:d^l^1t 
«7)IS* { Saii-St. Sffil8tA»L^^^y(4IHMl 
7tA«Lfc«i i i:+»§il-r. JBEBl 8^iIB;^H'- 
J''T•y:7■LTL£^., ffiOMl HiMtLtzM^z 
<£ ->X%\Z^\-~JT -yy-fl . 
[0009] &-?T. Sffil8A.AIfrS-f ^y{±. IE 

trf-v-^'ryrt^KBai sizam^Xftntm 

Mfcf-^-^*T>yTLJtffl!lMl 7tfe^S^I*fct 

<k vmmm? hti&tab. 4*yns i m i a t s i 

0 2 |gl3i:c7)*ffi^RWi<J(cA«t. 

l y-yf- (@>f AT'^S (y-yf-fi) tf^HZtl 

h) £fkthZ.tlz%&. 

[0010] Z\(T)£ o ttv-itT •yT&W.m&Zim 
2-£h1jmtLX. uWLl 9^RFm^5r^V^t (O 

N/oFFzmomtzt) mthumrfmv&ztix^ 

&mz^X^&t%z.X£<. WW-XM-*-i? 
TvTitfitim-h. L*»L. \,^tl.i>^-1jti<OFF<m 

mza^x \Uisyt %^f- 1 <o#fitt<o3i#iK % o . 

i>&M 1 8 ^ T'AStrS .1 1 S i 3 0 . 
ff-x'T? 7** 5 ^rB S ft S . H*). ONcoimWz 
WnLtz^T-itT-v rtfo F FcoimWzffifiZti 

[ o o 1 1 ] z <r> x o ^ ffiw&?<?mzcofflmi. m 
ttmnnmmtzftx-KK. mmt^m-^^mmizt^ 
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[0012] *smih±iw> ± o %$mfi.ztm^-&fi: 

[00 13] 

[us* im?& tjtxr&m z<mw<n o nmxrn i 
x-?#q?£-t&RjE^i: & r vx^mxm 

[0014] ZCQ%ffl<7>0 ^ft^S 2 fctf>l±. 
RFnjitffPMZti&XT—itt^ I^Xf-y±ti 

(cio-c«is$n. H?iis^a^i8co^^}i8c7)#^ 
[00 15] z\(r)Wn(r>o^m^3\,zti^hi><r>\t^ 

RF«*jW9ttl3;fcSX?— 5>fc. luiEXx-^'itK 

[0016] vl^lKflo^ *>ffl*^4 fc:M>»£ 
a^flS^OX^XvSiDSST'&ot. HUlSX-^X 

[00 17] 
[HBHwIQfecojg®] 

mfe<F>BB 1-01 tt^fWltf)IS&fc07g® 1 (atab>& 

mz^fcmmmz'hh. ECRivfy^i^y 

A-fcL T7Xv4y^lfc^S2M'J$fl&«j£ 
OTu-fcx#x##A£*U 8 2 

*u nr^EEA^fl^i^. ^y*-{z\tu^mM.s 

0*^^ff&aO. @Alg32r^LT2. 4 5GHz 
OV-f ?o&l 9*>m£fi&. 

[00 18] ;l^4tJ;-5Tf--v WC-rttHiB** 1 
EMll$*l6&. T^Xv^jftMltJiECRftlll^jg 

(ECRH) 5#«U ECRT5Xv#?££-r£„ 
3 4 /W4 (C i oT££3*l&ttWi7?X-?£j£3[ 1 *» 
£>RJ6£2^fcf63tt6«>t\ ECR77X7I1. If 

RT5 X~7lz£r>X -7xy\ 7 CStSi'y f-y^tfff*) 
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[0019] ^rfc^xy\7$rMS-rsxr-v ; 6t(i. 

r Fm*tt^sia3 o *^stiTfc o . imtt x o 

[0020] 02»2R PtAM393 Otff&trTSR 
Ftt'JtfW*^^ 7TJ>S . 30fcc0®51 1 fctsi* 
TJflV>&*l&RF«fc& RF*A©Jflfi»#/W;*3£ 
113*1.4. RF«HlHJBWtaEft*L. *0-SM«± 
10 5VH^SS* J M^I.IBl&tXm2C0-9-^W2 5. 2 

l<W77giW2 5fcfctt6RFm#OJ3SRtt3S2<W 

[oo2i]HKtcRF«^jc7)Sjssw^^t^. ae 

< & 0 » x -y -f-y^U- h < SCT fc ** 

[ o o 2 2 ] jtt . r f vi^jaaobfttfiv^ § . ne 

<«I.Ct{±T'^^V^ ta!oTffiV^«!St<0RF«^ 

[0023] *£ttt>£^ift»fflifeftaRF«ft 
«V^HH»ORF«ji:3WlSfttWftlS*i4. io 

•C«V^«ScORFm*2r9ttlrt-^lgl <W7Mffl2 5 

isairr &sg 2 wrmm 2 6 t*hw- & <r t * { x-$ & „ 

30 cmtfttC ®V^»cORF«^CD^5:6piirtS*^ 
t^Sfc : 5r-&x-yf-y^-hcofiTt. 
M2 5(ttlYC&*BW&>RFfij3imKtl>Z.b'C 

[0024] mm<mm2. m^mmacoRF'mitig. 
^mmL<r>R fbtj t *>'XfttEPJn$ti«.«WVPx 

[0025] ms^(^mmcomm<mm2 cbw-&r 

-c i>m 1 fc^sfitEc rx y ^>7mwi>m^t>ti 
h. RF«^{±jaitBWt^fl:SrL. -ec7)-ja«stfcv%T 
sigis-^^^TR Fmxnmmamh lxh 0 , 

FM3aiS*ifciW*MLr ^4. 

4. 

[0026]Hit^S3. ft3fci>4RF«]^U'X 

f^* { o n-t sjgjiafcrMvtx - y ^-y^u- h > 

50 T'fc#. d«WJra(cfcv^TgSt$iX!tm?t5RFti^*< 
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o f F-rawsfcfev vrirawft t imrhz . 

[ 0 0 2 7 ] 04 \im&»V\sXft.ZtltlRFWl<r>0 
N/OFF%mt. f-A—vT-yTa (+*— i J7i7 

iz£<o$ii&mmm%mjg.) tomm^tfj 
- h x-bh . mmzm&t r vwiowmv 

lf±. 5^fc^C0^LV%ON^2 7 lai^OFFI 
S2 8 1(cJ:oT18j£§*U». 

[00 28] OFFWfa2 8 1*^V^tB#cO«W(±« 

itti^V^T'X yf-y^fiBH^fc LTtf)Xyf-y7V 
-htfffi^S. L*^^£0^WiON^IS2 7 1 i> 

tvtlx ii&ms&&> ^nbjmnmntfUi taw 

[0029] 05 tt&4|3i;3*iXA&a|8EB£HOT 
ON8Iig2 7 2S.tfOFF8)j|f 28 2£ON 
«Bra2 7 O F FRJH2 8 1 X 0 *,«< LfcEMT 
2^*i-SRFm^ON/OFF^Ht. f+-y'7 

T»ttR«tt*ifeLfc<v*. L*»Li5/^T^*ffi# 
-Hhfc* <«r4>=arV^tONfflB2 7 2 jWKT«*> 

[ 0 0 3 0 ] 06 tf0 5 iz*$tvK:W&cr)fSm£Mmt 
Sfcfet. ONJiS2 7 30KJia5-OFF15}|g2 8 3J: 
OtJ:< L^JfflT3^-rSRFm*COON/OFF 

* - h Tfc * . i O J: 3 <c?iitf S E^M TXW&Ok 
#fc»Mrr. x < r*^7V-h*ONJHH2 7 3fcB 
V^TSKitj^**. b*»U OFFJUa2 8 3IC£ 

[0031] H7liCOWS<^3lK»IW3fc»t6R 

FliWN/OPFK, f-v-^'T-yTMi:^ 

v *> 0 1 E C Rx y f-y ^Sfr'fflv * t,ti 

[ 0 0 3 2 ] 3©5S<7fl$g3 ££VYtfflVi&*l*RF«ft 

ttmm&m l . *oh»it 4 asv^iieagia:* 

^l«C0-9-^jg^lf2 84RtfSS2a*:/JffllBR2 74 
fcioTMSSii*. *iawrrSffld»2 8 4ti«H 

o . si icflngo!t$&£ 1 *wjsyH 2 8 

4a, 2 84b (IrYtfiiOFFJMa) a>£>fgj£$fu 
»2»^^W«»2 7 4l4«»tf«Ba^f Lt«2 
S^-mn2 7 4a, 2 74b (VYfJiiONJHffl) 
*><MMfc&;h.S. dil^>0-9-y^W2 7 4a. 2 84 
a, 2 74b. 284b(i£amc£tt£iiaW'&. 
[00 33] JSLk^aCRFVlU. -e<0ON/OF 
FA*PCM (Pulse Code Modulation) $m$tlXt3 
0 » aWtfltfO NOJWtf-ST'S) *) O F F cOjffllW 
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H»WteB<*-5fcDJB<*-5fc9 I/O*. 
[0034] iOipfcLTRFiajjWaW-ilffliT 
4tfcV^TS : 3rl>ft§O2OC00FF^2 84a > 2 
84b £Rttfc«>"C. t^t*#aJHfl££V vtf-*-- 

^'r-yT?r^trri,-^r. «dSr^>«iiB*ja<'t*ifcfc 

T -y < » 0 5 t^fl^J^- 1 Jtf£ LTx y f- 

io [0035] mm<mm4 . r Fm^mmmz^mt 
&«&££vvc ^sras^w-rswjiOFFwc 
<±&<. oNMH-cfcoTfejiir*. ms\tzff)wn<rm 
M<rmm4\,zmthft.Fm}}<noN/oFF*mt. * 

SBlP>^4£&tYrt > Hl<2*3irt:ECRXy 

[0036] RFttftOJiMT 5tt£Vi|dHItf5ft& 
flSl«9-y««W2 7 5»t«B2»W^HJII»2 8 5 
KJ:->T«lft3fU. KSl«W9-rjWI«W2 7 5iaW 
20 ^L<JHn«>8&&mBer?7 , Jroi2 7 5a. 2 7 

5b (*v«tfcoN«iBi) frt>mtf&ti. m2mw7 

2S<W^l285a, 285b (U"fjl{>OFF^ 
i<l6<W^«W2 7 5a, 28 
5 a, 2 7 5b, 2 8 5 b«,I<Z»Ifc3cftfc:ajStt6. 
[0 03 7] J2Ui<OJ:3t;RFS^{i. f«ON/OF 
F#PWM (Pulse Width Modulation) ^m^tlXiS 

") . msttLtf o f f (7)M)>*-£T-j) o o Noflngtf 

30 [0038] £OJ:dfi:LTRF«A3ef99rt&mnT 

5{CfcV^T^I.ft$<02o<OON^2 7 5 a, 2 7 

7»7iWW-6-*, flHTOHIia*«<f fiikfcJ: 

«i^*itfH4fc***i*^tii«tT^^-^*r-y 

r*</jN?<. m5iz^ztu-z%r&kimLxx.v^yy 

[oo39] mm0BM5. m9tii0)m\c?mi&<?)B 

J15t=IW4RF«jtf5iBBi*^-^7 7"C*4. Hi£ 

40 £O»S5Hi>V , »-Ct>01^$fl./v:ECRXyf-y^ 
aa«fflVife*iS. fflLRFIi^{!t^g3 0{i#tCRF 
J^^K^P. y^XW^ON/OFFSrffdiO^^ 
K^^-cOSaS- if? o Z t tfX'Z fcfllft** tT 

[0040] RF^WWPXCOONjg^coXi'-h^ 
5rt = 0fc-rSh. RFm^ffi^S3 0c7)ai^ffl!|{cE|] 
j5D$<lS€ffii. V = As i n (wt+a) +V0T'« 
-rifc^'T'^S. lit. AI±RF«fio«i, 6»{iR 
50 Fm^^ft^^. «{±W«(4ffl. V0(imE«04"M 
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(EcE&tt) X'hh. mttfVO=-As i n (a) t 

[0 04 1] 09 (a) ~ (d) &%tl?tla = 0° . 
90° , 180° , 270° <7)%^<nKFW]<rmS.y 
ZvkLX^h. {MUWXcDONj^fcfcVvCRFjfcfr 

[oo42]0i omj vi-mc^mmmm^i- 
Fm^EMnfcJ: ->x* *>\±msctimztmzix& 

[00431011 li««HftffM*t^ 

^yx'hz. RF«^j^EK!nit^v^- m^imx-m 

*) fcJttft-Sfc. 'WX^RFOBttOlclOaffiit 

fKcfc-ycJWr*. «£tftt»fflia'9 0- <ofc*fcti 
AbflfflfaPiK . ftflflffiffla*^ 7 0' «fc § C«« 

[ 0 0 4 4 1 o£ *) J y i-m^mSiitf: fifffc Lfc V ^§ 
RFj^tfSttf£KHa<EV£fttvt. it 

S«*Jt»)fc*S<$r4J:5fc. »fiffl«^180- 
~36 0* fc. K(caiL<U270* fcKJg-fS. 
[004 5] 01 2J±CDy>fy (Critical Dimension 
Gain ) «tfl|fi«tt»ttt*t^57-C**. 013 

«cd3m y^t»rsBiffi0T-j>-?.. sisioiic 

Slt^fi^ttx-y ^-y^ffil 1 0 2«iU^'x M 0 3 
6. »x 7 fy/ii O20ftttafi£{-ft/tfit 1 , 

t2t-tSfcCD^>fV{it2-tl-C**tilS. R 
F«^^EpJpL^(,v^ mwmc&H) kttMttt 
b . ;wx«£R FOEPflDlc 1 *)CD*f4 >-(4K#^it 

tv*s#. zn&wmimatmacomizX'ixm* 

27 0° a&^a&fFftttffii*. 

[ 0 0 4 6 1 0 1 4 i±x y f- y^u- h vtimmmt 

G&j&tfyyX-hh. RF^jfcffliBLSrV^Ste (0 

«MBrc*w) fctt^-rsfc. /^xw^RFcoEpJtat 
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b £(;:»iftt>if**#£< . *«ffla#2 7 o- 

[0047] OtOCD^>-^X7fy^l/-h5-g 
tfttLfcvUtetctt. RFjfcfr#fi^f&«Htf>«EEV 

a£0' ~~180' ^tStL<«90 o fct£$£1- 
[0048] tUiWiiBH*^*.*^ J: d fc. WRima 

[0049] ni6o»s 6 . r f mm *asus4H=» l 
x>vvxmzRF&3ttfng*h%&. RFdawflSft 
nmwz&A,x'\*xi>&\ l \ 

[oo5o]0i 5\tmn<mme\zi5\\xm\^tth 
ECR^y^y^mm^-tmmmx'h^. 0i(^$ 

tiKffifSLbttMlX. RF«^iflt|^B3 0*57-n.^ 
20 y/3yfyt2 9^^-LTXx->-*6fc«^ilT^ 

[005 11016(a) (b) kijai$<7)8ck#2<7)i§ 

^csv^t. xx-^6c7>mfiS-ft:$-iaj^effl«* J o- 

[0 0 5 2] Xx-> r 6{i7*n>ydf>'7'3>7 r >' H f2 9 

zftixRFmj}m%m.30izmmztix^zt:i?>. 

RFWJ}&maL%\.m&lZ&^TiiX7-~i'6CDW& 

ii7o-f * y^«av f . 0 1 nzmmizR 

30 r*S . Xf-y'6 (OWfijnW&M&y n-f -f 

fiv f zmz-hmt. m>m#7 o-f- v ^«ev f 

*>*ffi<^'9, 017co^57tiffo'<. ^o.^f^y 

mai>mtm%izit. mcmk^mmt^coiz^ 

[ 0 0 5 3 ] Cicoj; 9 fcRFm^jj&Jy^xtttcON-TS 
J; -5 T . J y ^-S^m^MW-r & - b tf"i&b % 

torn. mmizRFmxzmnLtiis&x'h'ox 

%nn&i>L<limj)*£$£thZb<DMz£r>X 

4*yx*>v*?-a)mm?jo z b t-timx-biw. ® 
mm* MWffl « £ fciaw s i t iz x 0 , -m 

MMmWZ'ffoZbtHf&b%2>. 

[0054] HifiWJg®7 . 0 1 8\&Z<7)%H%7)g]&(?> 

Bmiizm^hRF%ft<?)jm*fT&yy7X'hh. % 
m^mmnzt3\,^xi,mi 5t^^ii^ECRx yf-y 

so jwjuv^w. fflL/x&mjSsoji^vu^tc 
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[ 0 0 5 5 ] life 1 9 Sr^W^tttT^XvRJ^atc 
*A-T ^tCi^T/-/ 6 i k « „ Jp 
n. J.AppI .Phys.35(1996)p2450 mz i oT^ftT V* 

9m<F>Wm6X^ LtA;W«»R F^ £Xx- 'J 6 
iz*j-z_ h.Z<r>i.o% 2^0)fflfi<mfi-&bitiz£ *) . 

(±^L<ift^rs. io 

[00 5 6] 018*±^&19fcRFS^i:cOW^5r^ 

u$il 93WS^tONL4&* f >^^j±u&^jSffi-T-5^fa 
t0£iHffll-$-.&£fcfc<i:->T. J v+m&WmhZk 
tfX% & k H3£tt*I*fr4 * >x*/Wf-£H«W-« £ 
01 gtiMS^fStOfc/'yf-StcO 

~r* 50%) . RPifi^Banizsftrina^v 

f f-t &»iraco»)fc> 0 «fi»t»eftuf . y -y *m& 

[0057] *4 S y^fcB^-CT5Xvaf 

7*5Xvtlfl66«nk«T<oj|fc^Srv^ J: 

[0058] fcLtcOHifcO^lStiSV >tl±ECRX 7 f 30 
ixfclSSSixS t> <rre\its:< . |{HfcQifti3*L& R f* 

;tl£l CP : Induced Coupled Plasma JSfflLtX 7 

A/fit. >f*yx*^- 

[00 59] 

[WHogfeg] zcr>m^ohmmiiizfrfrz>77x 

vRJSaU£J:*Uf. RFmfljW^H****'*-**!! 40 
t«St<7>R F«**)*fc 8ttr?&«&£ia£ k =Sr &x 
[ 0 0 6 0 ] C WlfeBflo o fegfc&Q 2 77 X-7 

x. Kinw7fmam i *£.&ztfR&i>0rc* %<r> 
-jj^mmiza^x^-^T yy^mmL^. m> 



ttBfl¥l 0-1500 2 5 
1 0 

[0 06 1] £e>3^03 £113^3 £4rt>&:r?:?? 
fiaSMfciWf , HJJWfiEfflSr 180-~3 60°(iS 

BSDfcft i 0 fc iEfc *&fW^36«B8aS» J: 0 i>ft k 

•f-scifcj&'TSs. o- ~i8o- izm. 

fe-fh z. k dzi. 0, R Fjft$hWMr*-*«H(c*jv vc . 

0 kIEk£&«{«c^j^g^#J: 15 
i fir*«WtJ: , )fc>|vS<*D* CDy>(^i7fy/i/ 
- h & Z k h . 

[0062] Z.<ry8ffl<r> o *>H*^4 IZfrfr&yyX-? 

fcfcJoTy-yfJtfcffiSrc&iJ:. RF« 

[0 1 ] Z.<rm%<r>Wk<m% 1 CW5ECRI7 

[02] z.<rmmm&ftm\wmh*x*3in 

fflBZ^i-r^yx-hZ. 

[03 ] ^o%BJco«te^S2 (cWt& RFtA^) 
[04] /^X-(t§<TJtRF«^c7)ON/OFF«JS 

[05] ^X-fliStutRF^WON/OFFfflia 

[06] /NVU-X-fb^^RF^cOON/OFF^ 
k. f-^-^'T yT-ftk^PI^^-r^^ SV/ff- 

[07 1 zmm0>mteo&B3izmtz> RFm^o 

ON/OF F8Jiak. f-v-yT yrakcOW^5:^-r 

[08] ^O^BJ!cO|IS6<7)^.©4tBfftSRF«^tO 
ON/OFFTOk. f-Y-5^T«yr*k«BWJk**f 

[09] z mmnmi&mm. 5 tws «ee v<m. 

&Z5n-?777X'hh„ 

[010] / 7f-S03«MHHHflE»tt»^t^'7 7X' 

[011] aHR«^)tI«HM«^t*t^77'Cfe 
6. 

[012] C D *M >«0«effl«c#tt^^-^7 7 

[013] cd^m y*aw-&Bfaac*4. 
[014] x y +yyu- hnmmmmfm^t 

[015] mM<mme ecri y 



1 1 

[017] ^WtCRF^^EpjDLfc^-^X^- 

i?b ?xh & . 

[His] znwj\cr>mk<7Mm7£mt&RFm}i 

[019] i^^tOty7flJ:«^t/ 



(7) ^¥10-1 50025 

1 2 

[021] ^-^Tyrjmmmtrmm^mmm 

X'$>Z>. 

[022] f-^-^'T -y TJg«^^iiBB^-&»fii)0 
X'hh. 

2 £05^. 6 Xf-y. 7 1 9 

284a, 284b, 275a, 275b miUwr 
-fmm. 274a, 274b, 285a, 285b m 



[02 0] t¥*cOECRX yf-y^a^*-rilrffl0 10 2«wr7HHL « *J»Kaffl. 

[01] [02] 



4 < 




82 

NL 



ft 

I 





7 










1 u 







81 



7 : Cx^ 1 9 : 



1 


m 


1 


m- 


< 5> 

2 5 


<£ ^ 

26 







[04] 



RF 



T 1 

I 

— j — 



T 1 



T 1 



271 |— 7- 
r 281 



KV 



[05] 



[03] 



T 2 



T 2 



T 2 



T 2 



- m » 



W\AMW\A/\M 



272 



1282 




ffgimo-1 50025 



[06] 



[07] 



T3 T3 T3 T3 T3 



T4 



T4 




l274a 




imsi 



[010] 



275 < 



f275a 
275 b 




180 270 360 

a ( degree ) 



[01 1] 



[012] 



90 



180 Z70 
a ( degree ) 



360 



0. 1 



C D y >f y 




180 270 
a (degree) 



[013] 



(9) 



iglSTlO-l 500 2 5 



[09] 



[H14] 



vo 



vo 



vo 



vo 



v { a ) a ~ 


0* 0>U 

-A- 




v (h) a- 

"V 


t 

9 0" 

V 




V ( C ) OL — 


t 

—r- 




v <d) a = 

' A 


t 

270" ©B£ 

A 


A 


t 

[HI 5] 

19 



80 



4^ 



El 



O 90 



180 270 360 

a (degree) 

CH17] 



Vf 




[01 6] 

(a ) a = 0' . k = 2®« 



^l/l/M/iMAr 



(b ) a = 9 O' . k = 2©B$ 



V f 



~y 



82 „ 



V 

I 



81 



2 9' 



30'' 1/ 



1* 



(10) 



EBPH 0-1 5002 5 



[018] 



[019] 



ON 
OFF 



Vf 



1 I L_ 

At — V 




[02 1] 



[022] 




101 



101 




18 



DERWENT-ACC-NO: 1998-373226 
DERWENT-WEEK: 200274 

COPYRIGHT 1999 DERWENT INFORMATION LTD 

TITLE: Plasma reactor for dry etching apparatus - applies RF 
electric power 

with periodic variation where round period comprises two sub periods 
which have 

mutual frequency difference 



INVENTOR: MARUYAMA, T; OGINO, S 



PATENT-ASSIGNEE: MITSUBISHI ELECTRIC CORP[MITQ], 
MARUYAMA T[MARU I], OGINO 
S[OGINI], MITSUBISHI DENKI KK[MITQ] 

PRIORITY-DATA: 1996JP-0309141 (November 20, 1996) 



PATENT-FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES 

MAIN-IPC 

US 6471 821 B2 October 29, 2002 N/A 000 
C23C 016/00 

JP 10150025A June2, 1998 N/A 010 H01L 

021/3065 

US 20020066537 June 6, 2002 N/A 000 

A1 C23F 001/02 



APPLICATION-DATA: 

PUB-NO APPL-DESCRIPTOR APPL-NO 

APPL-DATE 

US6471821B2 N/A 1997US-0848881 May1, 

1997 

JP 10150025A N/A 1996JP-0309141 
November 20, 1996 



